The response of hydrologic circulation to climate and land use changes is important in studying the historical, present, and future evolution of aquatic ecosystems. In this study, the Coupled Model Inter-comparison Project Phase 5 multi-model ensemble and a raster-based Xin'anjiang model were applied to simulate future streamflows under three climate change scenarios and two land use/cover change conditions in the Xinjiang Basin, China, and to investigate the combined effect of future climate and land use/cover changes on streamflow. Simulation results indicated that future climate and land use/cover changes affect not only the seasonal distributions of streamflow, but also the annual amounts of streamflow. For each climate scenario, the average monthly streamflows increase by more than 4% in autumn and early winter, while decreasing by more than À26% in spring and summer for the 21st century. The annual streamflows present a clear decreasing trend of À27%.
INTRODUCTION
Regional hydrologic cycle change is highly related to water scarcity, which has become a serious problem worldwide (Guo et al. ; Ouyang et al. ) . Thus, evaluating the future variation of hydrologic cycle and water resources has special significance for regional planning and water resources management (Kiely ) . Over the past 130 years, the climate system has experienced significant change. For instance, global average temperature has increased by 0.85 W C (IPCC ). Given the close relationship between the climate system and hydrologic circulation, climate change can have an impact on evapotranspiration and streamflow generation processes within the catchment, thereby affecting regional water quantity and quality in rivers. Moreover, with population growth, increasing human activities (e.g., land use/cover change and irrigation) as an external force exerts more and more influences on the hydrology cycle. Therefore, inquiring how climate and land use/cover change affect the seasonal and annual characteristics of hydrological variables is important in projecting the future variation of hydrology and water resources. Some previous studies have focused on the impact of climate or land use/cover change on the hydrologic cycle in the historical or current period by using historical hydro-climatic data (Wisser et al. ; Agra- land use/cover change, few studies have investigated the response of three streamflow components (i.e., surface, interflow, and groundwater runoff) to future land use/ cover change (Guo et al. ) .
Global climate models (GCMs) provide one of the best tools for simulating the future climate change ( Tian et al. ). Compared to CMIP3, CMIP5 has adopted a much more coordinated approach to generate uniform inputs, standardized outputs, and a more systematic storage of the results in the climate modeling experiment (Smith et al. ) . In this paper, a CMIP5 multi-model dataset was introduced to drive the hydrological model in the hope of accurate representation of future climate change in the study area.
The hydrological model is the principal tool used in investigating the hydrological processes and their responses to climate and land use/cover changes (Niedda et al. ) .
The conceptual lumped Xin'anjiang model is one of the most extensively used hydrological models for forecasting streamflow in the humid and semi-humid regions of China (Tian et (Figure 2 ).
The study area is a subtropical monsoon climate characterized by a mean annual precipitation of 1,878 mm and average surface evaporation of 1,044 mm. More than half of the annual rainfall occurs between April and June (Figure 2 ), when the annual mean temperature is 18 W C.
Data and processing
The datasets required in the study including digital elevation model (DEM), land use/cover, historical meteorological and streamflows data, and the future climate scenarios were derived from different sources and are described below.
Spatial datasets
Spatial datasets are as follows: (1) Figure 1 ). These data were interpolated to each 250 × 250 m cell of the basin by using the inverse distance 
Future climate scenarios
The outputs of 21 climate models under RCP scenarios were used as the climate change projections for this study. 
Land use/cover change scenarios
Statistics show that the land use/cover change of Xinjiang catchment is chiefly the conversion of paddy field and dryland to developed land, especially residential land (Guo et al. ) . It was assumed that this trend will continue in the future. Thus, the establishment of future land use/ cover change scenarios will be based on the historical change of developed land use for three time periods (1980, 1994, and 2001) . First, current land use change rate was derived from a regression of the percentage of developed land use (PDLU). Second, three future land use change scenarios were established: (1) constant-PDLU will be changeless, and the 2001 land cover data will be used for two future periods; (2) current rate-PDLU will increase at the current rate; and (3) double rate-PDLU will increase at the double current rate. Finally, future PDLU and percentages of other land use groups were calculated for each land use change scenario (Table 2) . (Table 3 ). The Nash-Sutcliffe coefficient (E NS ) and coefficient of determination (R 2 ) were utilized to evaluate the goodness of fit between the simulated and observed streamflows.
Model experiments
Simulation experiments of streamflows for three time periods in Xinjiang Basin were designed and conducted to study the effects of climate and land cover/use changes on the hydrological process. The three time periods are described as follows:
(1) baseline period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) ( Figure 4(a) ). R 2 was also up to 0.84 (P < 0.001), implying a close correlation between the observed and simulated streamflow values.
RESULTS

Calibration and validation
For model validation, E NS and R 2 were calculated to be 0.79 and 0.83 (P < 0.001), respectively, indicating that the simulation results also capture the observed values Since all monthly streamflows increase, the increase of annual streamflows is also found under the 'current rate'
and 'double rate' condition for the two future periods (Figure 7(a) ). This finding is contrary to the effect of climate change on the annual streamflows which indicated that the annual streamflow substantially decreased for the two future climate scenarios.
Considerable differences in the magnitude of future streamflow are observed between the 'current rate' and 'double rate'
conditions. As shown in Figure 7 These results indicate that, with the continued expansion of developed land, future streamflow will continue to increase.
Differences in hydrological response to land use/cover change are also observed among three streamflow components, namely, surface runoff (RS), interflow runoff (RI), and groundwater runoff (RG) (Figure 7 (b)-7(d)). The monthly surface runoffs under the 'current rate' and 'double rate' scenarios are much higher than those under the 'constant' scenario throughout the year, with a change trend that is mostly consistent with the streamflow (total runoff). Specifically, in April, the increase rate of surface flow under the 'current rate' and 'double rate' condition is up to 66%, and 112% for the period of 2051-2100, respectively. Furthermore, the annual surface runoff increases substantially with an average increase rate of 36% under the 'current rate' condition and 59% under the 'double rate' condition for the two future periods. Nevertheless, interflow and groundwater runoffs are less affected by land use/cover change. Under the two future land use/cover scenarios, the increase or decrease rate of monthly interflow and groundwater runoffs is smaller than 2% throughout the year for the two future periods. Although the rates increase from later winter to mid-spring (January to April) and decrease from early summer to early winter (July to December), the annual change rate is nearly zero. Thus, land use/ cover change mainly affect the timing of interflow and groundwater rather than the amount of annual ones. This result shows that the larger increase in streamflow resulting from land use change is mainly caused by the increased surface runoff. This finding can be explained as follows:
continued expansion of developed land leads to a larger reduction in evapotranspiration from the surface compared with the previously vegetated surface. On the other hand, continued expansion of developed land as impervious area, contributes to more water available for surface runoff and less available for interflow and groundwater. These changes induce higher surface runoff and higher net runoff yield. As for the effect of future land use change alone, flood potential will increase and become more destructive, especially in the rainy season.
Combined impact of climate change and land use/cover changes on streamflow
The simulated streamflows under the two land use change scenarios and under RCP4.5 climate scenario for the two future periods are compared with the corresponding current condition for the baseline period to investigate the combined effect of changes in climate and land use/cover, (Figures 8 and 9 ).
For most months of autumn and early winter, the streamflows increase substantially, with the rate ranging from 6 to 43%, while for most months of later winter, spring, and summer, the streamflows decrease with the rate ranging from -2 to -50% (Figures 8 and 9 ). Therefore, combined with the previous analysis discussed in the sec- This inconsistency implies that future projections of precipitation demonstrate some uncertainties.
Moreover, uncertainties of climate scenarios are also derived from the differences in spatial scale. On a sub-regional scale (China's mainland is divided into seven sub-region), southern China will become much wetter in the 21st century based on the CMIP5 models with a resolution of 1 W × 1 W grid, except in the early part of the 21st century. As for catchmentscale, it can be inferred from the 0.25 Finally, in this paper, the climate scenarios are considered to be independent of the regional land use/cover change, and vice versa. However, the interaction and feedback between the scenarios cannot be ignored. For example, less precipitation will contribute to a reduction in paddy land, and more water bodies will increase air moisture. Owing to a lack of streamflow hydrograph separation, the three simulated streamflow components were not validated. Also, only one hydrological gauge's daily streamflow is used to calibrate and validate the Xin'anjiang model due to the scarcity of available data. Therefore, these aspects 
